Introduction
Peripheral vascular disease (PVD) is a leading cause of morbidity in the elderly in the United States where there are an estimated 5 million affected individuals. 9 The prevalence of PVD increases with age and it has been estimated that the biennial incidence rate is 26.6 per 1 000 men and 13.3 per 1 000 women in the United States. 27 In the United Kingdom it occurs in approximately 1 in 20 of the population between the ages of 55 and 74 years. 16 Data from the Framingham Heart Study revealed that risk factors for PVD include age, gender, serum cholesterol, hypertension, cigarette smoking, diabetes and coronary artery disease. Male gender, age and smoking were associated with a 1.5-fold increased risk for PVD; diabetes and stage 2 or greater hypertension conferred a >2-fold increased risk; and coronary heart disease nearly tripled the risk for PVD. 32 These findings are similar to those reported by Newman et al. 33 who recognised cigarette smoking as a primary risk factor for PVD.
Twenty-five per cent of patients with PVD deteriorate steadily but only 5% deteriorate to the point that they require leg amputations. 9, 13 Intermittent claudication is the most common symptom of PVD; it causes severe walking intolerance and therefore impacts on the functional status and quality of life of the patient. 4, 38 Therefore treatment has focused on alleviating the symptom of intermittent claudication and improving walking tolerance.
Measurement of walking tolerance in patients with intermittent claudication
To prove that exercise training is effective, walking tests are necessary. Set testing protocols on the treadmill are common tools to assess walking tolerance in patients with PVD. A wide variety of treadmill walking tests have been used to quantify improvements in walking distances and functional capacity following training in patients with intermittent claudication (Table I) . 8, 19, 28, 29, 30, 41 REvIEW ARTIClE 
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A systematic review of Medline, Pubmed and Science Direct was done of studies on exercise training and patients with PVD, particularly those using randomised controlled trials.
Exercise training improves walking tolerance in patients with PVD. The common mode of training in patients with PVD in the past decade has been walking on a treadmill; however recently an upper-limb cycle ergometry programme proved to be as effective as lower-limb cycle ergometry in improving walking tolerance in patients with PVD. As weight-bearing walking programmes are uncomfortable for patients with PVD, this is an important development in exercise prescription for these patients. Most successful exercise programmes have been 3-6 months in duration for a period of 30 minutes to 1 hour, 2-3 times per week. However, 1 study showed that a shorter period (6 weeks) was of sufficient duration to improve functional capacity in patients with PVD. This is helpful for practitioners as exercise programmes of 3 or 6 months can be daunting Two parameters are usually measured on a treadmill: pain-free walking distance (PFWD) and maximum walking distance (MWD). 8, 22, 23 Use of the treadmill as a tool to measure walking distance has been criticised because the tests are not always reproducible. 26, 34, 37 There is disagreement about whether a graded test (a test when the speed or gradient increases at set time intervals) is more or less reproducible than a constant load test (one that does not increase in speed or gradient).
It has been suggested that a constant load test is fairly reproducible. 3 Others have found that both the constant load and the graded exercise test are equally well reproducible. 5 In contrast Gardner et al. 17 and Perakyla et al. 37 found the progressive test to be more reproducible and Gardner et al. 17 suggested that only 1 progressive test is required to obtain reliable measurements of PFWD and MWD while 3 tests are necessary when using constant load treadmill tests.
It has also been questioned whether walking on the treadmill accurately assesses walking distance because it measures an 'artificial' walking distance, i.e. subjects are not walking on land. This was made apparent in a study where 76% of study patients were found to walk much further on a ward corridor walk test than on the treadmill, even though the treadmill was slower. 42 Due to this finding, other, less artificial methods of assessing walking capacity have been explored. In a study by Montgomery et al. 31 64 patients repeated two 6-minute walk tests a week apart. The distances walked during the two 6-minute walk tests were similar, resulting in a high reliability coefficient (R = 0.94) and a low coefficient of variation (10%). Only a small non-significant 3 -4% increase in distance and steps was found on the second test.
More recently a group of researchers have used a shuttle walk test. 41 Patients walk back and forth between 2 cones placed 10 m apart. The speed at which the patients walk is controlled by audible tones recorded on a cassette. Patients begin walking on the first tone and aim to reach the second cone by the next tone. The time span between tones is decreased over time thereby increasing the speed. The patient stops walking when he/she cannot keep up with the required speed. The authors found that this test offered the advantage of testing more than 1 patient at a time, and was also reproducible, having less than 10% variability in PFWD and MWD in patients with claudication.
Future research should use tests that are reproducible. From this review it seems that the 6-minute walk test, the progressive treadmill test and the shuttle test are the preferred tests to use.
exercise training as a treatment for patients with pVd
Percutaneous transluminal angioplasty (PTA), as well as vascular bypass grafting are accepted methods of treatment for limb ischaemia. 6, 8, 43 Conservative treatment for claudication was advocated as early as 1898 when Wilhelm Erb suggested that muscular exercise increased blood flow to the ischaemic limb. 14 Despite this recommendation, for many years passive exercise (the limb is moved by the nurse or exercise therapist through its range of motion) was the recognised therapy for these patients. 2 The importance of dynamic (the patient actively performs the exercise him or herself) exercise training as a therapy for patients with intermittent claudication was rediscovered in the 1950s and 1960s. 3, 15, 28, 40 Larsen and Lassen 28 performed the first randomised controlled study comparing an exercise training group of patients with a placebo-controlled group and found that pain-free walking time (PFWT) increased from 1.7 minutes to 3.5 minutes after exercise training for 6 months. The mean maximum walking time (MWT) increased from 2.9 minutes to 8.2 minutes. In the control group no significant change was noted. Since this study a number of randomised controlled trials (Table I) have shown similar results. 8, 19, 22, 23, 25, 29, 30, 35, 36, 41, 44 It is clear from Table I that exercise training improves walking tolerance in patients with PVD. Indeed when comparing the effects of exercise training with PTA, exercise training was more beneficial after a 6-month period. 8 Only 1 study 21 has found no value to exercise training. The effects of surgical intervention, supervised physical exercise training and no treatment on walking tolerance was studied in patients with intermittent claudication. This group found that exercise training offered no therapeutic advantage compared with untreated controls. A methodological flaw in this study was that patients, despite being recruited between 1994 and 1997, were trained using methods dating from the 1970s. The exercises consisted of dynamic leg exercises while seated in a chair. In an upright position exercises consisted of marking time, walking, running, dancing and playing ball. The response to exercise training was determined by using a treadmill walking test and measuring maximum walking distance. Furthermore the intervention lasted for 1 year and compliance was not reported for the exercise training group.
However earlier findings by this same group reported that surgical reconstruction (vascular bypass graft) combined with exercise training was more effective in improving MWD and PFWD in patients with intermittent claudication than training alone or surgery alone. 29 Similarly, in other studies, this group did report improvements in MWD and PFWD in patients with intermittent claudication following exercise training.
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Mode of training used in patients with pVd
Early studies used walking as the mode of exercise training in patients with PVD. 3, 28 Later studies included 'dynamic leg exercises'. [10] [11] [12] In a study by Creasy et al. 8 dynamic leg exercises included 'walking, walking on tip toe, walking and running on the spot, static bicycling, step ups, going up and down on tip toes while on an incline and dribbling with a ball'.
In the early 1990s, treadmills became more commonplace in gymnasia and exercise laboratories and treadmill walking replaced 'dynamic leg exercises'. Studies showed that training on a treadmill produced substantial increases in walking distances. 22, 23, 35, 39 Treadmill walking was established as the accepted mode of exercise training and few studies explored the effects of alternative modes of training on walking distances in patients with PVD.
Two studies did however examine the effects of stairmaster exercise and lower-body resistance training on walking distances in patients with PVD. 24, 35 Neither mode of training produced improvements in walking tolerance. Therefore the researchers concluded that training effects in patients with PVD were specific to the mode of training used. Therefore it seemed logical that treadmill walking would be the most beneficial form of training for improving walking tolerance in patients with PVD.
More recently, studies have again ventured to explore the effects of modes of training outside of treadmill walking on MWD and PFWD in patients with intermittent claudication. Polestriding, a stationary form of exercise similar to skiing has proved to be beneficial to patients with intermittent claudication, as has upper-limb cycle ergometry. 7, 41, 44 The effect of upperlimb and lower-limb cycle ergometry on walking tolerance in patients with intermittent claudication was assessed in the United Kingdom. 41, 44 Patients were randomised to an upperlimb cycle ergometry group or a lower-limb cycle ergometry group and trained twice a week for 6 weeks. 41 PFWD and MWD on a graded treadmill exercise test improved similarly in both training groups. The authors suggested that central cardiovascular adaptations contributed to the increased walking tolerance in both groups because the heart rate response to submaximal work loads during the upper and lower-limb assessments was reduced after training. The authors pointed out that exercise training using lower-limb weight-bearing exercise can be most uncomfortable for the patient and that an upper-limb programme (using upper-limb cycle ergometers) which produced similar results would be a welcome relief to patients with intermittent claudication.
However, upper-limb cycle ergometers are not available in most gymnasia. Upper-body strength training apparatus is available in all gymnasiums and the efficacy of upper-body strength training programmes on patients with PVD needs to be assessed.
It seems that over the years, the mode of exercise training in patients with PVD has mirrored the trends of the mode of exercise training prescribed to the general population. Most gymnasium programmes today include a combination of treadmill walking, cycling, strength training (using plateloaded machines) and stretching. It is recommended that future research assess the efficacy of conventional exercise programmes.
duration, frequency and intensity of exercise training in patients with pVd
The duration of most training programmes, whether home based or hospital based, is 12 weeks -6 months (Table I) , only 1 study 41 has had a shorter training period (6 weeks).
This study showed that training was effective in this time period. 41 More studies need to ascertain whether a short-term (6-week) exercise rehabilitation programme is of sufficient duration to affect functional improvements in patients with PVD. It can be daunting for a patient to embark on a 6-month programme; a short-term (6-week) programme may be easier to commit to and if the patient improves functionally, they will feel encouraged which will improve compliance.
Although the American College of Sports Medicine has advocated that 30 minutes of exercise every day is the exercise prescription guideline to obtain the health benefits of exercise, no studies have examined the effects of 30 minutes of exercise every day for patients with PVD. 1 The frequency of most training programmes in patients with PVD has been 2 -3 times per week usually for a period of between 30 minutes and 1 hour (Table I) . This is the most practical for patients with PVD as most people in this group are elderly and do not want to commit to more than 2 -3 times a week for exercise training.
The effects of intensity of a training programme was examined in a meta-analysis. Claudication end point used during an exercise training programme was the most important independently related predictor of the positive change in PFWD and MWD in patients with intermittent claudication. 18 More recently, this same group of researchers assessed the efficacy of a 6-month exercise rehabilitation programme consisting of treadmill walking to near-maximal pain at either 40% or 80% of maximal exercise capacity.
Those who trained at a lower exercise intensity walked for a longer time period and therefore total work performed in the 2 groups was the same. There was no difference between the 2 groups with respect to MWD and PFWD at the end of the intervention period. Both groups improved equally. 20 This indicates that patients should walk at a speed to illicit near-maximal pain. If they choose to train at a lower maximal exercise capacity, they should exercise for a longer period so that the total amount of work completed is similar to that of a training programme using a higher intensity.
supervised hospital-based exercise programmes v. home-based exercise programmes in patients with pVd
Only a few studies have compared the effects of home v. hospital-based exercise programmes in patients with PVD. 36, 38, 39 Regensteiner et al. 38 showed no improvement in MWD or PFWD in a home-based exercise programme after 12 weeks of training. Patterson et al. 36 and Savage et al. 39 found that although the home exercise groups improved, supervised exercise programmes improved PFWD more than home-based exercise programmes over a 3 -6-month period.
Since only a few studies have compared the effects of home v. hospital-based exercise programmes, more research is needed in this area.
Conclusion
Exercise training improves walking capacity in patients with PVD, indeed 1 study proved that exercise training was more beneficial than angioplasty as a treatment for patients with PVD.
The preferred mode of exercise training in the past decade has been walking on the treadmill. Recent studies have shown that upper-body cycle ergometry proved to be an effective form of treatment for patients with PVD. This is an important development in exercise training for patients with PVD as walking is painful whereas upper-limb cycle ergometry is pain free.
Furthermore, the efficacy of conventional exercise rehabilitation programmes (a combination of treadmill walking, cycling, strength training and stretching) should be assessed as conventional exercise is the most commonly prescribed exercise in gymnasia today.
Training programmes of 3 -6 months duration have proved to be beneficial for patients with PVD. However a shorter (6-week) exercise training programme has proved to be of sufficient duration to affect functional improvements in patients with PVD. It is easier to encourage a patient to join a 6-week exercise programme than a 6-month programme which can be a daunting undertaking for the patient.
It is evident from this review that most studies prescribe half an hour to an hour of exercise 2 -3 times per week. The ACSM exercise guidelines 1 are half an hour of exercise daily.
However, because of the age of these patients it is difficult to expect them to attend daily exercise classes. They can be encouraged to attend classes 2 or 3 times per week and walk at home on the remaining days.
Both high and low-intensity exercise training programmes have proved to be beneficial for patients with PVD. However, should patients choose to train at a lower maximal exercise capacity, they should exercise for a longer period so that the total amount of work completed is similar to a training programme using a higher intensity.
